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(54) Electronic still camera having automatic orientation sensing and image correctiorr 



(57) An electronic still cannera is provided with an 
electronic image sensor for generating an image signal 
corresponding to a still innage of a subject and an orien- 
tation determination section for sensing the orientation 
of the camera relative to the subject. The orientation de- 
termination section provides an orientation signal rec- 
ognizing either the vertical or the horizontal orientation 
of the camera relative to the subject. An image proces- 
sor is responsive to the orientation signal for processing 
the image signal and correcting the orientation thereof 
so that the still image is output from the image processor 
in a predetermined orientation. In this way. the electronic 
still camera can be positioned in a variety of orientations 
relative to a subject, including both clockwise and coun- 
terclockwise vertical "portrait" orientations and a hori- 
zontal "landscape" orientation, without affecting the ori- 
entation of the images output by the camera. 
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This invention pertains to the field of electronic still 
innaging and. more specifically, to a hand-held electronic 
still camera capable of being held in various orientations 
relative to a subject. 

BACKGROUND OF THE INVENTION 

In conventional video cameras (such as 8mm cam- 
corders), which display an image on a television screen, 
the camera must be held in the normal horizontal (or 
"landscape") orientation to obtain a properly onented 
image: I f the camera is rotated to a vertical (or "portrait") 
orientation, the displayed television image will likewise 
be rotated, unless the display screen or viewer are ro- 
tated, which is impractical in most television applica- 
tions. This situation is even more of a problem in practice 
because there are actually two "portrait" orientations, 
one for clockwise rotation and the other for counter- 
clockwise rotation. The result is shown in Figure T 
where for the two "portrait" onentations. the sky appears 
at the left or right of the screen, rather than at the top.' 
In conventional film-based photography, the film camera 
may be rotated to any orientation. When vertical "por- 
trait" camera orientations are used to take pictures, the 
resulting prints are simply rotated when viewed or. al- 
ternatively, slides are simply rotated in the viewing pro- 
jector. 

Recent electronic still cameras, such as the Kodak 
DC 40 camera (sold by Eastman Kodak Co.). allow the 
user to take still images and display them on a computer 
screen. Like film cameras, these electronic cameras can 
be easily rotated so that the image can be composed in 
either the horizontal "landscape" orientation, or either of 
the two vertical "portrait" orientations. However the im- 
ages initially displayed on the computer screen always 
assume that the camera was held in the horizontal po- 
sition. As a result, any pictures taken with the camera 
in the "portrait" orientations will be rotated so that the 
sky (upper part of the picture) is at the left or right, rather 
than at the top. Some computer image processing soft- 
ware, such as Adobe Photoshop (sold by Adobe 
Corp. ). allows images stored in a computer to be rotated 
to their proper orientation. However, this is a "manual", 
time-consuming step, which requires the user to select 
each and every "portrait" orientation image and perform 
the proper clockwise or counterclockwise rotation. 

Automatic reorientation in a special "album" appli- 
cation is shown in U.S. Patent No. 5 274.418. as follows. 
A still video camera captures a plurality of pictures with 
control information for assembling the pictures into al- 
bum-like pages The camera includes an onentation de- 
tector that marks the output medium as to orientation, 
A separate player reads the orientation data and adjusts 
the images as necessary for proper placement on an 



me orieniauon correciion is aepenaeni upon use witn 
that specific player. As a result, the reorientation is "au- 

s tomatic" only if used with the special application pro- 
grams in the special player. 

Another type of picture processing corrects for un- 
wanted tilting of the camera. As shown in U.S. Patent 
No. 5.227,889. a video camera detects, and corrects for 

^0 the amount of slant of the entire camera in the vertical 
direction, due to inclination of the video camera while, 
e.g.. walking. The slant is corrected by controlling the 
addressing of two field memories, depending on the 
slant information, thereby delivering an output signal 

'5 that is corrected for slant of the output moving picture 
signals in real time. As a result, unwanted camera ori- 
entations are corrected in the output signal. While cor- 
recting for accidental slant of a motion video camera 
may make good sense, a still camera is frequently 

20 maneuvered so as to purposefully take a slanted pic- 
ture, e.g.. to include all desired picture detail in the still 
picture. A continuous slant correction would defeat this 
capability. The problem, in other words, is not with the 
handling of unwanted situations such as picture slant. 

25 but with the handling of desired situations, such as "por- 
trait" orientations, and the provision of appropriate cor- 
rections for those situations. 

SUMMARY OF THE INVENTION 

30 

The problems heretofore described appear in an 
electronic still camera which can be positioned in a va- 
nety of orientations relative to a subject, including a ver- 
tical "portrait" orientation and a horizontal "landscape" 

^5 orientation. In solving these problems according to the 
teaching of the invention, the camera is provided with 
an electronic image sensor for generating an image sig- 
nal corresponding to a still image of the subject and an 
orientation determination section for sensing the orien- 

-^0 tation of the camera relative to the subject. The orienta- 
tion determination section provides an orientation signal , 
indicating at least the vertical orientation of the camera 
relative to the subject. An image processor in the cam- 
era is responsive to the orientation signal for processing 

-^5 the image signal and correcting the orientation thereof 
so that the still image is output from the camera in a 
predetermined orientation. 

The invention is summarized as follows. 

The present invention provides an electronic still 

50 camera which can be positioned in a variety of onenta- 
tions relative to a subject, including a vertical "portrait" 
orientation and a horizontal "landscape" orientation, 
said camera comprising: 

55 an electronic image sensor for generating an image 
signal corresponding to a still image of the subject: 
an orientation determination section for sensing the 
onentation of the camera relative to the subject and 
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for providing an orientation signal indicating at least 
the vertical orientation of the camera relative to the 
subject; and 

an image processor responsive to the orientation 
signal for processing the image signal and correct- 5 
ing the orientation thereof so that the still image is 
output from the image processor in a predetermined 
orientation. 

Preferably, the orientation determination section lo 
provides indication of the horizontal orientation of the 
camera relative to the subject as well as the vertical ori- 
entation, and may include an orientation sensor respon- 
sive to the vertical and horizontal orientations of the 
camera. The orientation sensor may include at least one 
mercury switch. 

■The orientation determination section may include 
a logic section responsive to the orientation sensor for 
producing an orientation code having several values in- 
dicative of the several orientations. 20 

The image processor may include a buffer memory 
for storing the image signal and a memory controller for 
addressing the buffer memory whereby the addresses 
are varied between read and write cycles such that the 
memory is read in a different order than it is written for 25 
non -horizontal orientations and the image is always out- 
put from the image processor in the predetermined ori- 
entation. Preferably the predetermined orientation is the 
horizontal orientation. 

The invention further provides a method for rotating 00 
images captured by a hand-held camera in a variety of 
orientations, including a horizontal "landscape" orienta- 
tion, and two vertical "portrait" orientations, one for 
clockwise rotation and the other for counterclockwise ro- 
tation, said method comprising the steps of: 35 

sensing the orientation of the camera relative to a 
subject; 

providing a code signal indicating the camera ori- 
entation: ... 
generating an image signal corresponding to a still 
image of the subject: 

associating the image signal with its corresponding 
code signal; 

processing the image signal in response to the code ^5 
signal to correct the orientation thereof and provide 
a processed image signal that is output in a prede- 
termined orientation; and 

storing the image signal in a memory for subse- 
quent access by a display device, whereby the still so 
image will always be displayed in the predeter- 
mined orientation. 

More specifically, the electronic still camera in- 
cludes orientation sensors, such as a pair of mercury 
switches, which determine whether the user is holding 
the camera in the normal horizontal "landscape" orien- 
tation when taking a picture, or in a vertical "portrait" ori- 



entation The image is rotated in the camera and always 
stored in the same orientation (i.e.. horizontal), 

ADVANTAGEOUS EFFECT OF THE INVENTION 

Since the image is rotated in the camera, so that 
the stored image always has the proper orientation, a 
main advantage of the invention is that the image is then 
correctly displayed on the screen of a player/computer 
without need for a special application program. 

These and other aspects, objects, features and ad- 
vantages of the present invention will be more clearly 
understood and appreciated from a review of the follow- 
ing detailed description of the preferred embodiments 
and appended claims, and by reference to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an illustration of the situation in the prior 
art, wherein vertical "portrait" pictures are shown in- 
correctly oriented on a display screen; 
Figure 2 is a block diagram of an imaging system, 
including an electronic still camera having orienta- 
tion correction according to the invention: 
Figure 3 is a flow diagram showing the operation of 
the camera according to the invention; 
Figure 4 shows the stored images in proper orien- 
tation according to the invention; 
Figure 5 is a flow diagram showing an alternative 
operation of the camera: 

Figure 6 shows the stored images according to the 
alternative operation shown in Figure 5; 
Figure 7 shows an embodiment of orientation sen- 
sors used in the camera shown in Figure 2; 
Figure 3 shows an embodiment of signal processing 
architecture for obtaining image rotation; and 
Figure 9 is an illustration of how the architecture of 
Figure S is employed to read a buffer memory for 
the various orientations. 

DETAILED DESCRIPTION OF THE INVENTION 

A block diagram of an electronic camera 10 using 
automatic orientation correction according to the inven- 
tion is shown in Figure 2. The camera is ordinarily a 
hand-held unit including a lens 1 2 for focusing an image 
of a subject 14 on a charge-coupled device (CCD) im- 
age sensor 1 6 The sensor 1 6 is clocked by a CCD driver 
circuit 18 to produce an analog image signal corre- 
sponding lo a still image of the subject, and the image 
signal is converted to a digital image signal by an ana- 
log-to-digital (A/D) converter 20. The exposure time is 
controlled by a conventional diaphragm 23. which reg- 
ulates the aperture of the lens 12. and by conventional 
electronic shuttering of the image sensor 16 by use of 
the CCD driver circuit 18. (Alternatively a mechanical 
shutter (not shown) can be used.) The digital image sig- 
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nRl IS processed by an image processor 22 and stored 
in a digital memory, such as a removable solid-state 
memory card 24. which has memory for storing a plu- 
rality of processed digital images. The CCD image sen- 
sor 16 may be a Kodak model KAF-0400C CCD sensor, 
which has 512 lines of photoelemenls. with 763 pho- 
toelements per line. Since the spacing between pho- 
toelemenls is 9 microns in both the vertical and horizon- 
tal directions, the KAF-0400C sensor has "square" pix- 
els and a 3:2 horizontal aspect ratio. 

The memory card 24 is. preferably configured ac- 
cording to the well-known PCMCIA card interface stand- 
ard described in the PC Card Standard. Release 2.0 . 
published by the Personal Computer Memory Card In- 
ternational Association. Sunnyvale. California. Septem- 
ber 1 991 . The standard prescribes interface pin assign- 
ments for coupling the memory card 24 to the camera 
1 0 through a PCMCIA interface 26. from which it can be 
removed from the camera 10. Once removed, the card 
24 may be inserted into a computer 28 through a similar 
PCMCIA interface 30. A central processor 32 in the 
computer 28 reads the image signal from the memory 
card 26 and provides the image signal to a display 34. 
so that the images can be displayed on the computer 
system. Alternatively, a solid-state memory correspond- 
ing to the memory card 24 can be fixed inside the cam- 
era, and the camera itself can be "tethered" to the com- 
puter by an interface cable (not shown) so that the im- 
ages can be downloaded and displayed. In either case, 
the images are displayed in the correct orientation for 
proper viewing. 

As an aspect of the invention, the camera includes 
an orientation determination section 36. which deter- 
mines whether the camera is in the horizontal "land- 
scape" orientation, or the first (clockwise) or second 
(counterclockwise) vertical "portrait" orientations. (As 
described later in connection with Figure 9, the orienta- 
tion determination section 36 could also determine 
when the camera.is being held^upside downjn an invert- 
ed horizontal position.) The orientation determination 
section 36 includes one or more orientation sensors 40 
and a logic section 42 that produces an orientation sig- 
nal indicating the orientation of the camera relative to 
the subject. The orientation signal is applied to a camera 
control interface 38. The orientation signal indicates at 
least the vertical orientation of the camera (the absence 
thereof, in that case, indicating a horizontal orientation), 
or, alternatively, the orientation signal may provide pos- 
itive indication of either the vertical or the horizontal ori- 
entation of the camera. When signaled by a shutter but- 
ton 44. the camera control interface 38 instructs the 
CCD dnver circuit 18 to begin clocking an image signal 
from the sensor 16. At the same time, the interface 38 
applies the orientation signal from the orientation deter- 
mination section 36 to the image processor 22. The im- 
age processor 22 is responsive to the orientation signal 
for processing the image signal and correcting the ori- 
entation thereof so that the still image is output from the 



image processor 22 in a predetermined orientation for 
storage in the memory card 24. and subsequent imaging 
on the display 34. Ordinarily, the predetermined orien- 
tation is the same for ail images, and the image proces- 
5 sor 22 converts the vertically oriented images into hori- 
zontally oriented images. Note that for landscape orien- 
tation, the image is 512(V) x 768(H). but for the two por- 
trait orientations, the stored image is 76S(V) x 512(H). 
Figure 3 diagrammaticatly illustrates a signal 

10 processing architecture for obtaining image rotation, 
which may be incorporated in the image processor 22. 
either as hardware or software. Data read from the A/D 
converter 20 is coupied over an input bus 50 to a random 
access buffer memory (RAM) 52. which has storage ca- 

^5 pacity corresponding to at least one image (5 1 2 by 763 
pixels). The orientation signal is coupled over a control 
bus 54 to a memory read out controller 56. The memory 
read out controller 56 may be a programmed part of a 
controller microprocessor 57 in the image processor 22. 

20 or it may be separate dedicated combinational logic driv- 
en by the microprocessor 57 for controlling the genera- 
tion of read out address/clock signals for the memory 
52. The address/clock signals are supplied over respec- 
tive address bus links'58 and 60 to a set of associated 

25 row and column address counters 62 and 64. respec- 
tively, for controlling the rate and order in which the con- 
tents of the memory 52 are accessed. In particular the 
clock signal lines allow counters 62 and 64 to be incre- 
mented (when the up/down signal is asserted) or dec- 

^0 remented (when the up/down signal is not asserted). A 
similar signal processing architecture, which makes au- 
tomatic use of orientation codes, is shown in U.S. Patent 
No. 5,270.331. "Storage and Playback of Digitized Im- 
ages in Digital Database Together with Presentation 

^5 Control File to Define Image Orientation/Aspect Ratio", 
which IS incorporated herein by reference 

The memory controller 56 effects reorientation of 
the image in the mem^ory 52 by controlling readout of 
the pixel raster as shown m Figure 9. A memory write 

•to map 66 shows the data as taken directly from the sensor 
16 without regard to orientation. If the camera is hori- 
zontal, a horizontal read map 63 will be the same as the 
memory write map 66, However, if the camera is held in 
a clockwise vertical or counterclockwise vertical orien- 

-^5 tation. the memory controller 56 will begin reading the 
memory 52 from the bottom left or the top right, respec- 
tively, as shown in a vertical (clockwise) memory read 
map 70 and a vertical (counter clockwise) memory read 
map 72. Figure 9 also shows the case of an inverted 

50 horizontal image, that is. an image obtained when the 
camera 10 is held horizontal but upside down. In this 
case an inverted memory read map 74 is just the inver- 
sion of the horizontal memory read map 68. (Since the 
tatter condition is more of an accident than intentional. 

5S the camera 1 0 may feature a lockout or a warning mech- 
anism (not shown), when the camera is held upside 
down.) 

An embodiment of the orientation sensor 40 is 
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shown in Figure 7 Two mercury filled switches 52. 94 
are mounted in the camera 10. one in a vertical orien- 
tation and one m a horizontal orientation. Each switch 
82. 84 includes a first pair of switch contacts 86 and a 
second pair of switch contacts 88 between which a bub- 5 
ble of electncally conductive mercury 90 is constrained 
for movement. Gravity acts on the electrically conduc- 
tive mercury 90 in such a way as to close one of the two 
switch contacts 86 or 38 of one of the two orientation 
sensors 82 or 84. while both switch contacts 86 and 88 
of the other orientation sensor 82 or 84 are open. In this 
manner, three switches are always open so that the sig- 
nals are at the -hV (high) level, while one switch is closed 
so that signal is at the low (ground) level. By knowing 
which signal is low, the camera orientation is deter- '5 
mined. For example, if switch contacts 88 of switch 82 
are closed, the camera 10 is being held in a horizontal 
position. If one of the switch contacts 86 or 88 of switch 
34 are closed, then the camera 10 ts being held in one 
of the two portrait positions, and so on. The switch out- 20 
puts are provided to the logic sectiofi^O. which converts 
the switch signals into orientation codes, e.g.. 00 = hor- 
izontal. 01 = vertical (clockwise), and 10 = vertical (coun- 
terclockwise). 

Figure 7 represents a concept for an orientation 25 
sensor. In fact, it is preferable not to use mercury at least 
in some applications. Another possibility includes a pho- 
tointerruptor type of switch in which, for example, a light- 
blocking ball is entrained to move along a track; depend- 
ing on camera orientation, with photoemitters and de- ^0 
tectors at either end thereof for sensing orientation in 
the respective portrait positions. Alternatively for exam- 
ple, a weighted light-blocking wheel can be mounted to 
rotate between a photoemitter and two detectors fixed 
to the camera body. Light-transmitting slots are ar- ^5 
ranged in the wheel such that both detectors are blocked 
in the landscape position and a different one of the de- 
tectors is blocked in each portrait position. 

The operation of the camera is shown in Figure 3. 
When the user takes the image by pressing the shutter -^o 
button 44. the sensor 16 is exposed and read out while 
the orientation of the camera 10 is determined by the 
orientation determination section 36 as the image is 
read out from the sensor 16. Where correction is re- 
quired, the image processor 22 rotates the image data. ^5 
and the image data is stored in the memory card 26. in 
proper orientation (as shown in Figure 4). An alternative 
operational embodiment is shown in Figures 5 and 6. tn 
which the orientation code is stored along with each im- 
age tn a header as the image data is written into the so 
RAM memory 52. At this stage, each image remains 51 2 
(V) X 763(H). and the orientation codes indicate whether 
the image should be displayed in the normal landscape 
mode (00). or rotated clockwise when displayed, since 
It was taken using portrait orientation #1 (01 ). or rotated 55 
counterclockwise when displayed, since it was taken us- 
ing portrait orientation (t2 (10). As each image is read 
out from RAM 52. the processor 57 checks the orienta- 
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tion code and rotates the image, if necessary, depend- 
ing on the camera orientation. Each image ts thus stored 
in the memory card 24 in its proper orientation, as shown 
in Figure 6, An advantage of the alternative embodiment 
IS that several images, with their headers, can be cap- 
tured and stored tn the buffer memory 52 before the 
processor 57 commences image rotation. This capabil- 
ity facilitates a burst mode of operation, in which several 
images are quickly taken. Additionally, the aforemen- 
tioned U.S. Patent No. 5.270.331 . which is incorporated 
herein by reference, discloses a suitable signal process- 
ing architecture for use in a processor to decode orien- 
tation information in the image header in the course of 
processing the captured image, so that the image will 
be stored in the memory card in an upright orientation 
and at the correct aspect ratio for subsequent display 
by a computer. 

As also shown in Figure 6. the orientation code may 
be stored along with the properly oriented images in the 
memory card 26. The stored orientation code may be 
useful when the memory card 26 is transferred to the 
computer 23. and the computer 28 performs image 
processing on the image. For instance, image process- 
ing for exposure control may be made sensitive to image 
orientation, or the codes may allow reorienting the as- 
pect ratio of the image to obtain a portrait-like effect with, 
e.g., border areas. Alternatively, the camera may have 
an orientation on/off switch 36' to permit the camera to 
store uncorrected images on the memory card. Orien- 
tation correction would then be performed solely by the 
computer. If. however, it is desirable that all images be 
corrected within the camera, the switch 36' would be set 
to on and the camera operation flow shown in Figure 3 
would be used. In this embodiment, images are always 
rotated, if necessary, and the record of the original ori- 
entation is not saved in a header (except for the alter- 
native embodiment discussed above). 

The invention has been described with reference to 
a preferred embodiment. However, it will be appreciated 
that variations and modifications can be effected by a 
person of ordinary skill in the art without departing from 
the scope of the invention. 

PARTS LIST 

10 electronic camera 

12 lens 

14 subject 

16 CCD image sensor 

18 CCD driver circuit 

20 A/D converter 

22 image processor 

24 removable solid-state memory card 

26 PCMCIA interface 

23 computer 

30 PCMCIA interface 

32 central processor 

34 display 
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ooiioiiiy lilts (w*! it?i 1 idUvJi 1 UI 11 ic t^diiittfd icidiivw 




cluding a vertical "portrait" orientation and a hori- 






to a ciihior^t' 
\\J d oUUJUul. 




zontal "landscape" orientation, said camera com- 






orov/iHinn a oorHo Qiona! inrHioatino thci r^amora 
^ivjvKjiMy d oiyi Id) itiui^duiiy um ^diitmd 




prising; 






oriontation ■ 
KJ\ IcI 1 IdltUf \ . 

generating an image signal corresponding to a 




an electronic image sensor for generating an 
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image signal corresponding to a still image of 






doowCldUfiy Ulfc; liildyc otyildf Wlul lib COl ic- 




the subject: 






"^oonrtinn r*odp <;innal' 

OL^Wl IWII IW ^.^WWC OIWI IC3I. 




an orientation determination section for sens- 






oropp^^ino thp imanp ^ional in rAQnon^ta to tho 

f^lW^^C700li IW 11 1 II 1 lO^JC OiWl IC1I II 1 1 C?OLJWI lOC IW 11 1 




ing the orientation of the camera relative to the 






oorHp Qinnal to rorrAr't tho oriontation thoroof 
i^wwc otyiidi iw ^wiict^L Uic (^i tci iiduui i uit^iwU/i 




subject and for providing an orientation signal 


40 




anrf nrouirHp a nroop^<^pri imaoo Qinnai that i^ 

OIIW WIWVIWC O Wl \J\j COOCW illlClWC? OtWIIOI llldl >o 




indicating at least the vertical orientation of the 






output in a predetermined orientation: and 




camera relative to the subject: and 






storing the image signal in a memory for sub- 




an image processor responsive to the orienta- 






sequent access by a display device, whereby 




tion signal for processing the image signal and 






the still image will always be displayed in the 




correcting the orientation thereof so that the still 
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predetermined orientation. 



image is output from the image processor in a 
predetermined orientation. 

2. A camera as claimed in claim 1 wherein the orien- 
tation determination section provides indication of so 
the horizontal orientation of the camera relative to ■ 
the subject as well as the vertical orientation. 

3. A camera as claimed in claim 1 or claim 2 wherein 

the orientation determination section includes an 55 
orientation sensor responsive to the vertical and 
horizontal orientations of the camera. 
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